Rheumatoid arthritis is characterized by chronic local inflammation in synovial tissue . The cells that comprise the mononuclear infiltrate are, for the most part, immunoreactive cells that engage in multiple interactions leading to the proliferation of the synovial tissue and the synthesis of immunoglobulins (1-3) and mediators of cellular immunity (4, 5) . Because lymphocytes, macrophages, and dendritic cells play an important role in both cellular and humoral responses, a number of investigations of the distribution and interrelationships of these cells have been carried out. The presence of large numbers of T lymphocytes as compared with B lymphocytes, both in synovial fluid (6) (7) (8) and synovial tissue (9) (10) (11) (12) , has emphasized the important role of the T lymphocyte and the cellular immune response in the rheumatoid chronic inflammatory reaction .
Recently, a series of monoclonal antibodies reactive with cell-surface determinants of human T lymphocytes has been developed. These antibodies, which selectively react with human T cells, provide an opportunity to differentiate T cell subpopulations in patients with autoimmune diseases . One group of such antibodies is the OKT group in which OKT3 antibody reacts with T cells (13) , OKT4 reacts with helper/inducer T cells (14, 15) , and OKT8 reacts with suppressor/cytotoxic T cells (14, 16 ). An increased ratio of T4 to TS cells in the peripheral blood of rheumatoid patients has been reported by several groups (17) (18) (19) (20) . By contrast, decreased ratios of T4 to T8 cells, compared to peripheral blood, have been measured in rheumatoid synovial fluid (19) (20) (21) (22) . In synovial tissue, markedly increased numbers of T4 cells have been described by three laboratories utilizing either immunofluorescence (23, 24) or immunohistochemical staining techniques (25, 26) . Most of these T4 cells were in close contact with HLA-DR-expressing macrophage-like cells. On the other hand, a predominance of suppressor/cytotoxic cells in intact rheumatoid synovial tissue (27) and both normal (28) and decreased (29) ratios of T4 to T8 cells in synovial tissue digests have also been described. This variation in the observations reported by different investigators has indicated to us the desirability of careful identification of the T cell subsets and other immunoreactive cells of the rheumatoid synovial membrane in different areas of tissue specimens and of establishing the pattern thick were cut perpendicularly to the surface of the specimen with an LKB microscme and examined for peroxidase staining in a Phillips 300 electron microscope with and without counterstaining . The unstained sections were counterstained with uranyl acetate and lead nitrate.
Scoring ofImmunoreactive Cells. In each of five surgical specimens, five to seven fields containing >80 cells each were chosen for each monoclonal antibody and identifiable immunoreactive cells in each field were scored by the immunoelectron microscopic technique. Pictures of intermediate magnification (x 5,200) as well as low magnification (x 2,400) were taken to establish the extent of cellular infiltration in each field and the types of cells present. Lymphocytes, both stained and unstained, plasma cells, and macrophage-like cells were identified and counted.
In one of the six synovia examined, almost all of the mononuclear cell collections consisted mainly of plasma cells. Because the findings in this synovium were not characteristic of those in other synovia, they were not included in the differential counts of the perivascular infiltrates that are reported here.
Results
Light Microscope Findings . The perivascular mononuclear cell collections, as seen in the light microscope, tended to vary in size and in density of lymphocyytc infiltration . In areas of extensive infiltration, dense perivascular collections of T3 staining cells were observed . Staining of adjacent sections showed that a majority of these T cells were of the T4 helper/inducer variety ( Fig. 1, A) . In these areas, TS cells were usually decreased in number and tended to be scattered through the lymphocyte collections (Fig. 1, B) . In less densely infiltrated areas, it was difficult to estimate the amounts of T4 and TS cells. Moreover, it was not possible in the light microscope to establish the relationship of the T lymphocyte subsets to the other cell types in the cellular infiltrates and to each other. In order to determine the percentage of T4 and T8 cells in varying types of cellular infiltrates and to establish the pattern of their relationship to the other cells in the mononuclear cell infiltrates, immunoelectron microscopic studies were carried out.
Immunoelectron Microscopic Identification ofPositively Staining Lymphocytes. In Fig.  2 , A, a portion of the field stained with OKT4 antibody, viewed in Fig. 1 , A at the light microscopic level, is shown as it appears in the electron microscope without counterstaining. It is seen that the cell membranes have been stained permitting positively staining cells to be identified by the specificity of their electron-dense rim staining . Most of the positive cells showed continuous staining of their cell membranes and frequently the stained membrane had an irregular and villous appearance . No intracellular staining was observed except for occasional endogenous peroxidase staining observed in macrophage-like cells that did not exhibit membrane staining .
Intracellular detail was established in the same cells by counterstaining of adjacent ultrathin sections with uranyl acetate and lead nitrate (Fig. 2, B) . Although the cellular detail in such sections was not optimal because of the prior immunoperoxidase staining steps, it was possible to establish the characteristics of the cells without difficulty . Scoring of positive cells, therefore, as well as identification of cell types (lymphocytes, plasma cells, or macrophage-like cells) were done on counterstained sections . When membrane staining was doubtful, non-counterstained sections were examined to check the staining . Penetration of 
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antibodies into the synovium was deep enough to stain all layers of the specimen as indicated by examining sections taken from the under surface of the tissue mounted on a glass slide. Control sections treated with normal mouse IgG or PBS instead of mouse monoclonal antibodies were always negative (Fig . 3) .
Lymphocyte-rich Areas. The density of lymphocytic infiltration varied widely in different areas. As previously reported (36, 37) , some cellular accumulations were composed mainly of lymphocytes (lymphocyte-rich areas), and others had mixtures of lymphocytes, macrophage-like cells, and plasma cells (transitional areas) . Fig. 4 shows a hemotoxylin-eosin stained section showing a lymphocyterich area and a contiguous transitional area . In occasional areas, most of the cells were plasma cells. Such plasma cell-rich areas contained few lymphocytes and the lymphocytes in these areas were not included in the lymphocyte counts described below.
Lymphocyte-rich areas, made up almost entirely of small lymphocytes, were the most common type of perivascular cellular collection observed . When such areas were stained with OKT3 antibody, -80% of the lymphocytes stained positively, indicating that they were T cells (Fig . 5 ) . When such areas were stained with OKT4 antibody (Fig . 6 ), the majority of the lymphocytes were found to be T4 (helper/inducer) cells. Finally, when the lymphocyte-rich areas were stained with OKT8 antibody, it was observed that the T8 (suppressor/cytotoxic) cells were much less frequent than the T4 cells and were distributed in a scattered manner in the areas stained (Fig . 7) . Although the T4 cells tended to form clusters, most of the T8+ cells appeared isolated . The majority of lymphocytes of both types were small in size and the incidence of typical blastic cells in the lymphocyte-rich area was very low. A small number of macrophage-like cells and a few plasma cells were found in the lymphocyte-rich collections, but there appeared to be no specific pattern relating the distribution of the T4 or T8 lymphocytes to the macrophage-like cells.
Transitional Areas.
Transitional areas were made up of lymphocytes, plasma cells, and macrophage-like cells as previously described (36, 37) . In such areas the fraction of T4 cells in the lymphocytes present was significantly reduced to about one-third of the total (Fig . 8) , while the fraction of T8 cells rose, usually to exceed that of the T4 cells (Fig . 9 ) . Not only was there a variety of cells in the transitional areas, but the cells were generally large in size and more loosely packed than in the lymphocyte-rich areas. Fully developed blast cells, which attained a diameter of more than 10 j,m and contained a large amount of cytoplasm, stained more frequently as T8 cells than T4 cells (Figs. 9 and 10 ). The macrophage-like cells, which were abundant in this type of area, were frequently in close contact with lymphocytes.
The macrophage-like cells in both the lymphocyte-rich and transitional areas had a variable appearance . Their surface membrane was irregular in contour, showing numerous indentations . In some cells, the membrane was ruffled, but in others, it was not. The nuclei had a thick rim of heterochromatin and small nucleoli . Mitochondria were abundant, but rough endoplasmic reticulum was not prominent. Lysosomes and phagolysosomes were frequently observed, but were not present in all cells . In preliminary experiments, not reported here, the macrophage-like cells showed variable staining characteristics . When present in interstitial areas of the synovium that were free of lymphoid infiltration, they stained strongly with anti-HLA-DR antibodies (OK-1a, anti-HLA-DR) and with two different anti-monocyte monoclonal antibodies (63D3, 61 D3). In transitional areas, the macrophage-like cells took a diffuse stain with anti-HLA-DR antibody at the light microscopic level; however, in the electron microscope, the stained material appeared to be shed between the cells. With anti-monocyte antibodies, the macrophage-like cells in the transitional areas showed weak staining at the light microscopic level; in the electron microscope, some but not all of these cells showed definite membrane staining . Lining layer macrophage-like cells stained strongly with anti-HLA-DR and anti-monocyte antibodies .
Relation of T4 and T8 Cells to the Percentage of Lymphocytes in Mononuclear Cell
Infiltrates. The percentage of lymphocytes varied widely in different areas of mononuclear cell infiltration, approaching 90% in lymphocyte-rich areas and falling as low as 20% in transitional areas. However, the percentage of total lymphocytes that stained as T3 lymphocytes in any given area remained fairly constant at -80% regardless of the numbers of other cell types present (Fig.  11) , indicating that the dominant lymphocyte in all areas was the T lymphocyte .
To ascertain the relationship of T4 to T8 cells in different areas of the Thus, the T4/T8 ratio varied in a highly significant manner with the percentage of lymphocytes in a given area : the higher the lymphocyte density, the greater the ratio. The above observation is further analyzed in Table 1 . In this table, mean values of the percentages of T4 and T8 cells, expressed as percentage of total lymphocytes, are given for two different kinds of areas: (a) areas in which the percentage of lymphocytes was >60% and (b) areas in which this percentage was <60% . It is seen that the T4/T8 ratio in the areas containing over 60% lymphocytes was 2.9 and in the areas containing <60% lymphocytes, it was 0.80.
Relation Between T4 alid TS Cells and Macrophage-like Cells. Macrophage-like cells, which interact with lymphocytes, play an important part in the immune responses of these cells. Although present only in small numbers in the lymphocyte-rich areas, macrophage-like cells were seen in increased numbers in the transitional areas. It is of interest that, as the percentage of macrophage-like cells increased (Fig. 13) , the percentage of T4 cells in the lymphocyte population fell (r = -0.71, P<0.001) and the percentage of T8 cells rose (r = 0.68, P<0.001). Fields in which <30% of the cells were macrophage-like cells were relatively rich in T4 cells (Table II) and poor in T8 cells (mean T4/T8 = 3 .0). On the other hand, in fields where >30% of the cells were macrophage-like cells, i .e., the transitional areas, T8 cells were more plentiful than T4 cells (mean T4/T8 = 0 .88) .
Discussion
In this study we have used an immunoelectron microscopic technique to identify the T cells and T cell subsets in the rheumatoid synovial membrane . To correlate light and electron microscopic observations, adjacent sections were examined in the light and electron microscopes . Immunoelectron microscopic staining of the membranes of the lymphocyte subsets using monoclonal antibodies made it possible not only to quantitate the separate T cell populations in the cellular infiltrates, but also to examine their ultrastructure and their relationship to the macrophage-like cells and plasma cells of the synovial infiltrates.
Positively staining T lymphocytes were characterized by continuous membrane staining, which frequently had a villous or irregular surface appearance . In lymphocyte-rich areas around the post-capillary venule (36, 37) , made up mainly of dense collections of small lymphocytes, the cells were predominantly stained by OKT3 antibody, indicating that they were mainly T cells. Staining of adjacent sections showed abundant T4 cells in such areas (63 ± 1 .8% of the lymphocytes), while T8 cells were present in lesser numbers (22 ± 3 .2%). In this respect the T lymphocytes of the lymphocyte-rich areas had a T cell subset composition that resembled that of the blood. Further electron microscopic examination of the varying areas of the synovium demonstrated that the percentage of T4 cells in any given area was proportional to the percentage of lymphocytes in that area, the lymphocyte-rich areas having the highest concentration of T4 cells. In view of the fact that the T4:T8 ratio is elevated in the peripheral blood of rheumatoid patients (17) (18) (19) , the perivascular lymphocyte-rich collections may consist of an unselected population of T lymphocytes that have emigrated from the postcapillary venule .
When the relation of the macrophage to the distribution of the T cell subsets was examined, it was observed that the percentage of T8 cells in any given area was proportional to the percentage of macrophage-like cells in that area. In transitional areas (36, 37) , in which not only lymphocytes but also macrophagelike cells, plasmablasts, plasma cells, and occasional lymphoblasts are found, T8 cells (44 ± 3 .2%) predominated over T4 cells (35 ± 3 .0%). The presence of a variety of cell types in the transitional areas suggests that these are areas of immunological reactivity and it is of interest, therefore, that T8 cells tended to be more highly concentrated in such areas. It is of interest also that the T8 cells tended to be large in size and frequently had the appearance of blast cells, suggesting that they may proliferate in immunologically active areas.
The differing T4:T8 ratios in the lymphocyte-rich and transitional areas may explain the divergent results obtained by different investigators in staining intact synovial tissue for T4 and T8 cells. High ratios of T4:T8 cells (23-26) may represent staining of predominantly lymphocyte-rich areas and lower ratios (27) may represent staining of predominantly transitional areas. The relatively decreased ratio found on staining synovial tissue digests (28, 29) may represent an average value of specimens in which transitional areas predominated over lymphocyte-rich areas.
It is noteworthy that almost all studies in which the synovial fluid lymphocytes have been examined by monoclonal antibody staining (19) (20) (21) (22) 29) have reported decreased synovial fluid T4:T8 ratios in comparison with the synovial membrane . One possible explanation for this difference is that the T8 cells of the transitional areas may migrate into the synovial fluid more freely than the T4 cells of the lymphocyte-rich areas. This would be compatible with the relatively loose packing of the lymphocytes in the transitional areas in comparison with the dense packing of the lymphocytes in the lymphocyte-rich areas. ii, Number of the fields selected from five patients. vitro when the ratio of autologous non-T cells to T cells is sufficiently high to stimulate a T cell proliferative response . In this response, T8 cells increase in number (39) . It is of interest that in human graft-vs.-host disease, an in vivo mixed lymphocyte reaction, the lymphocyytc infiltrates in the skin were exclusively of T8 variety (40) ; and in human kidney grafts undergoing rejection the T8 to T4 ratio in the rejection tissue was very significantly elevated (41) . The above observations suggest the possibility that the transitional areas are areas in which an AMLR is taking place as a result of the increased concentration of macrophage-like cells in these areas. It is of interest that T4 lymphocyte-rich areas, in contrast to the transitional areas, have a quiescent appearance, as indicated by the absence of plasma cells and blastic cells and a low frequency of macrophage-like cells. The association of a paucity of macrophage-like cells with a histologic picture of apparent cellular inactivity suggests the possibility that the ratio of macrophage-like cells to lymphocytes which emigrate from the post-capillary venule may determine whether T cell stimulation occurs or whether a quiescent nodule of small lymphocytes develops . In this connection it is noteworthy that the presence of dense, nodular collections of lymphocytes in the synovial membrane has been 
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reported to be associated with a less destructive variety of synovitis (42) . It has recently been shown that macrophage-like cells are heterogeneous in structure and function. Dendritic cells, distinct from classic mononuclear phagocytes, have been reported to express large amounts of HLA-DR antigens on their surface, to act as potent stimulators of mixed lymphocyte reactions (43) (44) (45) (46) and to serve as accessory cells for immune responses (47) (48) (49) (50) (23) (24) (25) (26) . The interpretation has been made that these macrophage-like cells are dendritic cells. Since the accessory T lymphocyte stimulating cell is thought to be the dendritic cell (51), it would be helpful to be able to determine whether the macrophage-like cells observed in the transitional areas are dendritic cells. Criteria for the electron microscopic appearance of dendritic cells have been described (51) . However, it has not been possible in the present experiments to identify the macrophage-like cells observed as dendritic cells on the basis of their appearance in the electron microscope . An interesting difference in the distribution of T4 and T8 cells in different types of chronic inflammatory tissue, recently described by Van Voorhis et al . (52), is pertinent to the present findings . They noted that in the cutaneous lesions of lepromatous leprosy, which are dispersed, unorganized and rich in macrophages and plasma cells, most of the T cells were of the T8 variety. On the other hand, in the cutaneous lesions of tuberculoid leprosy, which are lymphocyte-rich and highly organized, the majority of the lymphocytes were T4 lymphocytes. In leprosy therefore, active lesions were rich in T8 cells and less active ones were rich in T4 cells. In view of these observations, it is possible that the lymphocyte-rich areas of the rheumatoid synovium resemble the tuberculoid type of lesion and the transitional areas the lepromatous type . In both leprosy and rheumatoid arthritis, the apparent proliferation of T8 cells in transitional areas may represent an attempt on the part of the host to modulate the immune response that appears to take place in such areas.
Summary
The perivascular mononuclear cell collections of the rheumatoid synovium were examined both at the light and electron microscopic level by an immunoperoxidase staining technique using monoclonal antibodies directed against T cell subsets. These accumulations were variable in composition and size, not only in specimens from different patients but in the same specimen . Some areas (lymphocyte-rich areas) contained mainly small lymphocytes in clusters and others (transitional areas) contained blast cells, macrophages, and plasma cells in addition to lymphocytes. The percentage of T4 staining cells correlated positively and the percentage of T8 staining cells correlated negatively with the percentage of lymphocytes in any given area . In contrast, the percentage of T4 cells correlated negatively and the percentage of T8 cells correlated positively with the percentage of macrophage-like cells in these areas.
-80% of the total lymphocytes, both in the lymphocyte-rich areas and transitional areas, were T lymphocytes (OKT3 staining). In lymphocyte-rich areas, helper/inducer T lymphocytes (OKT4 staining) were predomment over suppressor/cytotoxic lymphocytes (OKT8 staining), and in such areas the mean T4 :T8 ratio was 2.9 . Macrophage-like cells were seen only in small numbers in this type of area . In the transitional areas, suppressor/cytotoxic lymphocytes (OKT8 staining) predominated over helper/inducer lymphocytes (OKT4 staining) . In such areas the mean T4 :T8 ratio was 0.8 . The T8 cells in the transitional areas tended to be large in size and often had a blastic appearance, and the abundant macrophage-like cells infiltrating these areas were frequently in close contact with T8 lymphocytes.
These findings indicate that the ratio of T4 to T8 lymphocytes in rheumatoid synovium varies with the type of area examined . In lymphocyte-rich collections, made up largely of quiescent small lymphocytes, T4 cells are predominant . In areas of apparent immunological reactivity, T8 cells are predominant . It is suggested that T8 cells proliferate in immunologically active areas of the synovium as a result of local stimulation of a T cell-mediated immune response.
